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Objectives. Although T stage is an important prognostic tool for oral tongue cancer, it fails to define the depth of invasion 
and true three-dimensional volume of primary tumors. The purpose of this paper is to determine the relations be- 
tween tumor volume and lymph node metastasis and survival in early oral tongue cancer. 

Methods. Forty-seven patients with Tl-2 tongue cancer were included. Tumor volumes were measured by the computer- 
ized segmentation of T2-weighted magnetic resonance imaging. 

Results. The overall average tumor volume was 27.7 cm^ (range, 1.4 to 60.1 cm^). A significant positive correlation was foxmd 
between tumor volume and pathological T stage, depth of invasion, and cervical lymph node metastasis (P< 0.001, 
P<0.001, and P=0.002, respectively). When the tumor volume exceeded 20 cm^, the cervical metastasis rate increased 
to 69.2%. The overall 5-year disease specific survival rate was 80%. There was a statistically significant association 
between large tumor volume (>20 cm'') and the 5-year disease-specific survival (P=0.046). 

Conclusion. Tumor volume larger than 20 cm^ was associated with greater risk cervical lymph node metastasis and poor 
5-year disease-specific survival rate in early oral tongue cancer patients. 

Ksywoids. Tongue neoplasms, Tumor burden, Lymphatic metastasis. Computer-assisted image processing. Magnetic resonance imaging 



INTRODUCTION 

Tongue cancer shows various characteristics from relatively be- 
nign to highly aggressive with local invasion and distant metas- 
tasis, even in early stage disease [IJ.This variability in clinical 
behavior has led to numerous studies being conducted on rela- 
tionships between the clinical, pathological, and, more recently, 
between molecular factors and tumor aggressiveness. Tumor- 
node-metastasis (TNM) staging is extensively used to decide on 
treatment strategy, assess prognosis, and compare treatment re- 
sults. TNM staging was devised by Pierre Denoix in 1944, and 
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describes the extent of primary disease based on considerations 
of maximal diameter and anatomic location [2]. However, al- 
though T stage is an important prognostic tool for head and 
neck cancer, it fails to define the true three-dimensional (3D) 
volume of primary tumors, and thus, superficial tumors with a 
favorable prognosis can be allocated the same stages as unfavor- 
able, deeply infiltrating lesions [3]. Furthermore, improvements 
in imaging techniques enable clinicians to define tumor extent 
and volume more accurately, and various studies have shown 
that tumor volumes determined using modern imaging tech- 
niques better prediction biological behavior than the T stage 
system [4-9]. 

Accordingly, the purpose of this study was to evaluate the po- 
tential usefulness of a computer based system to estimate tumor 
volumes, and to determine the nature of the relations between 
these and cervical nodal metastases and disease specific survival 
in patients with early squamous cell carcinoma (SCC) of the 
tongue. 
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MATERIALS AND METHODS 

Patients and tumor samples 

The clinical and pathological data of patients diagnosed with 
tongue carcinoma, who underwent surgery at the Department 
of Otolaryngology-Head and Neck Surgery, The Catholic Uni- 
versity of Korea, Seoul from November 2003 to October 2009, 
were reviewed. The study group consisted of 47 patients with 
previously untreated Tl or T2 SCC of the tongue, whose origi- 
nal pathological specimens were available for evaluation, with 
complete follow-up records. Mean patient age was 53 years, mean 
follow-up duration was 35 months (range, 2 to 83 months), and 
the male-to-female ratio was 30:17. AU patients had neck dissec- 
tion at the time of the primary sui^ery: a radical neck dissection 
was performed in 3 cases, a modified radical neck dissection in 
19 cases, and a selective (level I-III) neck dissection in 25 cases. 
Twenty nine patients (63%) had bilateral neck dissections when 
there was clinical or radiologic involvement of cervical lymph 
node disease on both sides. For the contralateral cases, selective 
(level I-III) neck dissection was performed in 25 patients and a 
modified radical neck dissection in 4. Indications and modalities 
for adjuvant treatments varied over time: positive or close mar- 
gins found on the resection, lymphovascular invasion, perineural 
invasion, multiple nodal metastasis, or extracapsular spread were 
findings that required adjuvant radiotherapy. The depth of inva- 
sion was measured from the surface of mucosa to the maximum 
depth using an ocular micrometer. When there was exophytic 
tumor growth, the measurement was made from the height of 
the surface of the adjacent normal mucosa to the deepest-reach- 
ing front of infiltration. The Institutional Review Board of Seoul 
St. Mary's Hospital (Seoul) approved the retrospective review of 
medical records and the use of archived tumor specimens. 

Imaging technique 

All magnetic resonance (MR) studies were performed using a 
1.5-T imaging system (Signa Excite, GE Medical System, Mil- 
waukee, WI, USA) and a 4-cm loop coil. Fast spin echo sequenc- 
es were used to obtain Tl-weighted (TIW; repetition time range, 
420 to 720 ms; echo time range, 10.2 to 14.5 ms), gadolinium 
contrast-enhanced, Tl-weighted (CETIW) images with fat sup- 
pression, and T2 -weighted (T2W; repetition time range, 4,000 to 
5,400 ms; echo time range, 82.0 to 123.6 ms) images with fat 
saturation. 

Tumor volume measurements 

Imaging data were stored in Digital Imaging and Communica- 
tion in Medicine (DICOM) format and imported to a personal 
computer. 3D-D0CT0R software (Able Software Co., 5 Apple- 
tree Lane, Lexington, MA, USA) was then used to reconstruct 
3D images in accordance with anatomic boundaries (Fig. 1). Win- 
dow widths and centers were varied, depending on the type of 
tissue being examined. 



The maximum diameter of each tongue tumor was determined 
using T2W MR images and 3D-D0CT0R software. Tumor bor- 
ders were traced manually on axial images using a mouse-con- 
trolled cursor. We excluded the cases with tumors not seen on 
magnetic resonance imaging (MRI).The tumor volume was de- 
termined by 2 experienced head and neck surgeons, who inde- 
pendently traced the tumor outline manually. The software then 
generated a 3D model and calculated tumor mass volume in 
each case. 

Statistical analysis 

Continuous variables (tumor volume, tumor depth of invasion) 
were recorded as mean+SD, and were analyzed using the ^-test. 
The chi-square test, Fisher exact test, multiple logistic regression 
analysis, multiple linear regression analysis, and correlation 
analysis were used, as appropriate, to identify significant rela- 
tionships between categorical values. Overall survivals were cal- 
culated using the Kaplan-Meier method. The Cox proportional 
hazards model with likelihood ratio statistics was used to identi- 
fy variables significantly and independently related to tumor 
volume. Significance was accepted for P<0.05. All calculations 
were performed using SPSS ver. 13.0 (SPSS Inc., Chicago, IL, 
USA). 

RESULTS 

Patient characteristics 

Nineteen patients (40%) hadTl and 28 patients (60%) hadT2 
carcinoma. In terms of pathologic stage of the cervical lymph 
nodes, 28 patients (60%) were of NO, 5 patients (11%) of Nl, 
14 patients (29%) (lN2a, 10N2b, and 3N2c) of N2. Twelve pa- 
tients (26%) had a positive or close resection margin (<5 mm). 
Extracapsular spread and lymphovascular invasion were both 
observed in 17 patients (36%). Postoperative radiotherapy was 
performed in 15 patients (32%). Depth of invasion averaged 9.2 
mm (range, 1 to 23 mm), whereas tumor volumes averaged 27.7 
cm-' (range, 1.4 to 60.1 cm''). Patient characteristics are summa- 
rized in Table 1. 

Relationships between tumor volume and pathologic T stage 
and invasion depth 

A significant positive correlation was found between tumor vol- 
ume andT stage (P< 0.001) (Fig. 2). Regarding the pathological 
T stages, the mean tumor volumes of stage Tl and T2 cancers 
were 9.49 + 10.46 cm' and 40.06 ±19.18 cm', respectively. A 
significant positive correlation was found between tumor vol- 
ume and depth of invasion (P<0.001) (Fig. 3). The Pearson's 
correlation coefficient for the relation between tumor volume 
and depth of invasion was 0.385 and the least squares regres- 
sion equation wasY=3.973X+2.564 (P<0.001). 
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Fig. 1. Magnetic resonance images of a patient with tongue cancer and 3-dimensional reconstructed tongue cancer image. The periphery of 
tumor is outlined on the magnetic resonance images for tumor volume estimation. (A) Axial image, (B) coronal image, (C) sagittal image, (D) 
reconstructed image. 



Relationship between tumor volume and cervical lymph node 
metastasis 

A significant positive correlation was found between tumor vol- 
ume and the presence of cervical lymph node metastasis (P< 
0.001) (Fig. 4). The mean tumor volume in cases with cervical 
lymph node metastasis was 43.61 + 17.20 cm^, whereas that in 
cases without cervical lymph node metastasis was 16.91+18.34 
cm-'. No cervical metastasis was found in the patients with a tu- 



mor volume less than 10 cm'. The nodal metastasis rate was 
33% (10-15 cm'), 0% (15-20 cm'), 67% (20-25 cm'), and 100% 
(25-30 cm'), respectively. When the tumor volume exceeded 20 
cm', the cervical metastasis rate increased to 69.2% (18/26). 

Relationship between tumor volume and survival rate 
In those 37 patients followed for more than 12 months, the over- 
all 5-year disease specific survival rate was 80%. Tumor volume 
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Table 1. Patients characteristics 



Characteristic 


No. (%) 


Age (year), mean (range) 


53(23-81) 


Gender 


Male 


30 (64) 


Female 


17(36) 


T stage 


T1 


19(40) 


T2 


28 (60) 


N stage 


NO 


28 (60) 


N1 


5(11) 


N2 


14(29) 


Margin involvement 


Yes 


12(26) 


No 


35 (74) 


Extracapsular spread 


Yes 


17(36) 


No 


30 (64) 


Lymphovascular invasion 


Yes 


17(36) 


No 


30 (64) 


Postoperative irradiation 


Yes 


15(32) 


No 


32 (68) 


Depth of invasion (mm), mean (range) 


9.2(1-23) 


Tumor volume (cm^), mean (range) 


27.7(1.4-60.1) 
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Fig. 2. Relationship between tumor volume and pathologic T stage. 
A significant relation was found between tumor volume and patho- 
logic T stage. T1 =9.49± 10.46 cm^ T2=40.06± 19.18 cm^ P<0.001. 

was found to be significantly associated with disease specific 
survival (P=0.046).The 5-year disease-specific survival among 
19 patients with a large tumor (>20 cm-') was 67%, whereas for 
the 18 with a small tumor (<20 cm') patients it was 93% (Fig. 5). 
PathologicT stage (P=0.049), nodal metastasis (P=0.010), depth 
of tumor invasion (using 7 mm as a cut-off; P=0.023), and ex- 
tracapsular spread (P=0.038) were found to be associated with 
5-year disease specific survival, but gender (P=0.801), age (P= 
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Fig. 3. Relationship between tumor volume and depth of invasion. 
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Fig. 4. Relationship between tumor volume and cervical lymph node 
metastasis. A significant relation was found between tumor volume 
and the presence of cervical lymph node metastasis (tumor volume 
in cases with cervical lymph node metastasis=43.61 +17.20 cm^ 
tumor volume in cases without cervical lymph node metastasis= 
16.91 ±18.34 cm"; P<0.001). 



0.238), lymphovascular invasion (P=0.355), postoperative irra- 
diation (P=0.484) and margin involvement (P=0.763) were not 
by univariate analysis. However, no factor was found to influ- 
ence 5-year disease specific survival by multivariate analysis 
(Table 2). After ablative surgery, 8 patients (17%) had recurrenc- 
es, including three local, three regional, and two distant metas- 
tases. Of the three patients who had local recurrences, one pa- 
tient received surgery and radiotherapy but died of the disease; 
other two patients underwent surgery and has no evident dis- 
ease 30 and 83 months, respectively. The one patient with re- 
gional recurrence underwent surgery and concurrent chemora- 
dio therapy and has no evident disease 56 months but other two 
patients died of the disease. All of the patients with distant me- 
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Tumor volume <20 cm^ 93% 



Table 2. Cox proportional hazards analysis for survival 



Tumor volume S:20 cm^, 67% 



P=0.046 



Parameter 


Hazard ratio 


95% CI 


P-value 


Age 


0.001 


0.001-1.751 


0.104 


Gender 


4.013 


0.002-6.453 


0.160 


T stage 


0.001 


0.001-9.185 


0.135 


Cervical metastasis 


0.001 


0.001-7.617 


0.395 


Margin involvement 


0.001 


0.001-1.429 


0.489 


Extracapsular spread 


8.626 


0.001-36.142 


0.359 


Lymphovascular invasion 


2.382 


0.001-17.611 


0.200 


Postoperative irradiation 


0.001 


0.001-5.497 


0.558 


Deptti of invasion (>7 mm) 


41.249 


0.001-112.123 


0.883 


Tumor volume (>20 cm^) 


3.678 


0.001-10.891 


0.133 
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Fig. 5. Kaplan-Meier 5-year disease specific survival curves accord- 
ing to the tumor volume. There was a statistically significant associa- 
tion between tumor volume and the 5-year disease-specific survival 
(the 5-year disease-specific survival with a large tumor 

tastases died of the disease. 



DISCUSSION 

Accurate tumor staging is crucial for the management of tongue 
cancer. However, staging based on tumor diameter is only mar- 
ginally related to the risk of subclinical nodal metastasis, local 
recurrence, and survival, especially for early Tl andT2 cancers. 
Accordingly, better prognostic indicators have been sought to 
guide clinical management, particularly in terms of the predic- 
tion of lymph node metastasis. Previous studies have shown that 
tumor depth of invasion and the presence of lymph node metas- 
tasis are the most important prognostic factors in patients with 
tongue cancer [10,11]. Spiro et al. [10] suggested that tumor 
depth should be incorporated into any staging system and con- 
sidered when deciding on treatment. Tumor depth of invasion is 
excluded in the TNM staging system despite its importance in 
disease prognosis, therefore a new revised staging system has 
been proposed in the present study. However, we still do not 
have a tool that is accurate enough to predict the presence of 
cervical metastasis in patients with clinically negative cervical 
lymph nodes (NO). Furthermore, some surgeons favor elective 
neck dissection or elective neck irradiation, even for clinically 
NO patients when they believe there is an elevated risk of nodal 
metastasis after considering factors, such as, T stage and depth 
of invasion. Concerning tumor volume, in this study, cervical 
lymph node metastasis was found starting at a tumor volume 
exceeding 10 cm-' (n=32).The overall cervical metastasis rate in 
patients with a tumor volume larger than 10 cm-' was 59.4% 
(19/32). The incidence of cervical metastasis increased when the 
tumor volume exceeded 20 cm^ (18/26, 69.2%). Based on our 



results for early tongue cancers exceeding 20 cm', neck treat- 
ment (surgery or irradiation) should be considered. 

Solid tumors are 3D structures with unequal rates of tumor 
spread in different directions and planes, and thus, diameter does 
not accurately reflect total tumor volume or the total malignant 
cell burden. However, advanced imaging and data analysis tech- 
niques now allow accurate preoperative assessments to be made 
of the 3D extents of tumors. In particular, MRI provides higher 
resolution images of the detailed architecture than either com- 
puted tomography or sonography, especially -with respect to 3D 
observations of soft-tissue lesions [12]. Furthermore, tongue 
cancers are hyperintense as compared with normal tongue tis- 
sue and tumors and mucosal epithelium, lamina propria, and 
tongue muscles are well differentiated. In the present study, tu- 
mor volumes were assessed objectively using a computerized 
segmentation technique of T2W MR images. 

Tumor volume is a significant prognostic factor in the treat- 
ment of malignant tumors [13,14]. Multivariate modeling has 
shown that tumor volume is a dominant covariate that over- 
whelms T stage, N stage, and stage group [15-18]. Kuriakose et 
al. [19] reported 20 tongue cancer and showed that tumor vol- 
ume correlated well with nodal metastases risk, treatment fail- 
ure rate, and disease-specific survival. Chew et al. [20], in a se- 
ries of 17 patients with tongue cancer, showed that larger tumor 
volume >13 mL has poorer disease free survival and overall 
survival. However, Been et al. [21] reported that tumor volume 
does not appear to play a significant role in predicting locore- 
gional recurrence for patients with primary squamous cell can- 
cer of the oropharynx treated with primary radiotherapy. In the 
present study, the mean tumor volume of T2 cancers was signifi- 
cantly larger than that of Tl cancers, and tumor volume was 
found to be significantly and positively correlated with depth of 
invasion. In addition, a large tumor volume (>20 cm-') was found 
to present a significantly greater risk of cervical lymph node me- 
tastases and to have a significantly lower disease specific surviv- 
al rate than a small tumor volume (<20 cm^), which suggests 
that tumor volume could be used as a prognostic indicator and 
as the basis of a new staging method in early tongue cancer. 

Some limitations of this study warrant mention. First, the study 
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is inherently limited by its retrospective nature. Second, the co- 
hort size was relatively small, and third, the follow-up was rather 
short. A further laiger-scale study is required to confirm our find- 
ing that tumor volume influences prognosis and to probe the 
reason for differences between our findings and those of previ- 
ous studies. 

In conclusion, in the present study, tumor volume larger than 
20 cm'' was found to be significantly related to the presence of 
cervical lymph node metastasis and disease specific survival in 
early tongue cancer, which suggests that could be used to pre- 
dict the presence of lymph node metastasis and to determine 
neck treatment and prognosis. 
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